Our study is an evaluation of an introductory solid mechanics course incorporating a pedagogical reform using concepts of active-learning. The focus is on exploring if online activities promote better understanding of conceptual fundamental knowledge of introductory solid mechanics, as well as enhance mechanics-concepts self-efficacy for students. Introductory mechanics courses have long been focused on mathematical and theoretical concepts, and traditionally these courses have been shown to be biased toward instructor engagement versus student engagement. Many studies have reported that this bias creates a gap between instructors' teaching styles and students' learning styles. Despite this discrepancy, many introductory mechanics courses are still taught passively focusing on note-taking, which is believed to play a role in the contribution of students' self-efficacy to persist in their engineering studies as well as in their engineering career choices.
INTRODUCTION
Introductory engineering courses are essential components to many engineering disciplines. Our study is an evaluation of an introductory solid mechanics course incorporating a pedagogical reform using concepts of active-learning performed at Stanford University. The focus of the new paradigm was exploring online activities to promote better understanding of conceptual fundamental knowledge of introductory solid mechanics, as well as to enhance self-efficacy of mechanics-concepts for students.
An introductory solid mechanics course was chosen for this study because its concepts and applications are needed in almost every discipline of engineering 5, 20 . It is a fundamental prerequisite for subsequent courses such as mechanics of materials, dynamics, and mechanics of fluids, and in some programs, other courses such as tool design 4, 19 . Many researchers believe that performance in these later courses can be directly correlated to success in fundamental concepts of engineering 4, 5, 19, 20 .
Introductory solid mechanics courses have traditionally been taught in a lecture and notetaking approach. According to current understanding, humans think, learn, and solve problems by making connections and associations to previous experiences 26, 30 . Numerous researchers have found that if one's first exposure to fundamental concepts takes place by passively hearing it in lecture or by reading it in a textbook, the experience may not be sufficiently significant or rich to build connections 26, 30 . Thus, determining factors that could facilitate academic success in introductory engineering courses should be a major concern in engineering education, generally; and its curriculum development more specifically.
BACKGROUND
Active-learning was first introduced as early as the 1960s under a reform pedagogy called guided inquiry 13 . Active-learning was introduced in three phases: an exploration phase, an invention phase, and an application phase. This pedagogy has been found to provide students with a significantly better conceptual understanding compared to students who were taught traditionally 3, 16, 25 . Traditionally-taught students are understood as those whose instruction primarily focuses on verbal and printed words, rote memorization, and is instruction driven 23 . Students who are taught traditionally are told what they are expected to know and concepts are presented deductively 11 , where the instructor conducts lessons by introducing and explaining concepts to students, and then expecting students to complete tasks to practice the concepts.
A growing body of literature has discussed theories about the correlation of activelearning and students' self-efficacy, which may lead to an increased level of self-efficacy in engineering 1, 7 . Bandura introduced self-efficacy as a "belief in one's capabilities to organize and execute the courses of action required to produce given attainments" 2 . Many researchers have highlighted the role of self-efficacy and motivation of students in engineering and in learning as a whole 6, 10, 15 . What important relationship can we draw between active-learning and students' self-efficacy in learning introductory solid mechanics concepts? The quantitative study presented herein was designed to explore variables affecting students' self-efficacy, with the aim of investigating the most effective way to teach introductory, fundamental engineering mechanics courses.
RESEARCH CONTEXT
The introductory solid mechanics course, which framed this study, contained many interactive elements, including weekly lectures, in-class activities, online activities, and hands-on lab exercises. Each element of the course is described below. The course covered essential topics contained in most traditional statics courses, but also included several topics covered in introductory mechanics courses. Table 1 describes weekly topics, student hands-on activities, as well as learning outcomes. 
Lecture
Class was held two times per week for 110 minutes each period. Lectures, in general, covered about 20 minutes of class and were planned with a minimalistic approach, focusing on the essential points. The remainder of class period was designed for in-class activities, including problem-solving as well as hands-on lab experiments.
In-Class Activity
In-class activities were based on active-learning strategy, in which students worked on a problem posed by the instructor -at times individually and other times in pairs or in groups, before participating in a class-wide discussion. The motivation of these activities was not only to allow students to express their reasoning, reflect on their thinking, and obtain feedback on their understanding; but also to "catch" unengaged and uncovered preconceptions. Several examples of in-class activities are shown in Figure 1 below. Hands-On/Lab Activity Hands-on lab activities for class were designed based on research using the approach of scenario-based learning pedagogy 22 . Scenario-based learning involves real world handson experience where students were given a scenario problem to solve. Each hands-on activity took about 40-50 minutes of class time. Several examples of activities of scenario based-learning are shown in Figure 2 . Online Activity Three times during the course offering, online activities were assigned to students. The activities were embedded as part of homework (Homework 3, Homework 4, and Homework 6). Each online activity took approximately 35-45 minutes to complete and students completed them outside of class at their own convenience. Questions in the online activities were created using a surveying tool, Qualtrics, and designed to be interactive. The questions placed strong emphasis on applying fundamental understanding of solid mechanics, such as drawing free-body diagrams and drawing shear force and bending moment diagrams to real world examples and scenarios, rather than memorizing definitions and facts. Qualtrics allows for automatic assignment grading, student progress tracking, and performance analytics, all of which were linked to the class learning management system. Each question was designed to provide interactive feedback to increase student learning and retention. Short videos were placed strategically throughout the online activities to aid and remind students of fundamental concepts learned during class. The online activities were meant to provide activelearning interventions in which students practiced problem-solving with hints and feedback for increasing student understanding of fundamental concepts of introductory solid mechanics. Example questions of online activities are shown in Figure 3 . There were 37, 16, and 9 questions asked in the online activities of Homework 3, 4, and 6, respectively. Online activity of Homework 3 focused on differentiating types of forces (external, internal, and not-in-system forces) and recognizing forces exerted by various types of support. Online activity of Homework 4 focused on constructing free-body diagrams and identifying equilibrium equations, and online activity of Homework 6
focused on constructing and writing shear force and bending moment diagrams and equations.
The primary focus of this study are on 2 elements related to the course: 1) students selfefficacy throughout the entire course in an environment that is rich in not only lecture, but also in in-class activities, hands-on lab activities, and online activities; 2) a specific online activity placed in the Homework 6 assignment.
The online activity of Homework 6 highlighted the importance of beams used in the design of bridges, automobiles, and various mechanical systems. Graphs and equations are used to describe the change of shear force and bending moments. Employing these diagrams, the maximum and minimum shear force and bending moment values are easily identified and located. In this online activity, students learn to construct the aforementioned diagrams. Example problems included in this online activity are shown in the figure below. 
RESEARCH QUESTIONS
The aspect of the study presented herein sought to answer the following two research questions: RQ1: How does self-efficacy change as a result of a course based on gender, education of parents, and major? RQ2: How does self-efficacy change as a result of an online activity based on gender, education of parents, and major?
After studying the literature, we hypothesized that: Students' self-efficacy of mechanicsconcepts will improve after both the course and the online activity and variations of major would not be a predictor of self-efficacy level. However, we believe gender would be a strong predictor of self-efficacy level 14 , as well as parent's education level 10 .
RESEARCH METHODS

Population
The population of this study was engineering students enrolled at Stanford University. The population from which the respondents were drawn is students enrolled in the introduction to solid mechanics course in fall 2014. The sample consisted of a total of 79 students of whom 55 (70%) were men and 24 (30%) were women.
The students' majors include aeronautics and astronautics, biomechanical engineering, civil engineering, computer science, electrical engineering, energy resources engineering, management science and engineering, mechanical engineering, and product design. Majors were grouped into two categories: "intensive solid-mechanics based majors" (ISMB majors) and "non intensive solid-mechanics based majors" (Non ISMB majors). Aeronautics and astronautics, biomechanical engineering, civil engineering, mechanical engineering, and product design were categorized as ISMB majors. Computer science, electrical engineering, energy resources engineering, and management science and engineering were categorized as non-ISMB majors.
For education levels of father and mother, students were able to choose from 9 options: less than high school, high school/GED, some college, 2-year college degree, 4-year college degree, masters degree, doctoral degree, professional degree, and prefer not to answer. We categorized students whose father and mother received a degree above (and including) 2-year college education as non-first-generation students; and students whose father and mother received a degree below a 2-year college education as first-generation students. Three groups were used in our analyses: 1) students who both parents have at least a 2-year college education (both parents-non first generation), 2) students who both parents do not have a 2-year college education (both parents-first generation), and 3) students who have one parent who has at least a 2-year college education (one parent-first generation).
Breakdowns by gender, education of parents, and major are shown in Table 2 below. 
Procedure and Measures
Data were obtained in the fall of 2014 via surveys administered through three homework assignments (Homework 3, 4, and 6). Each of these homework assignments had a written component as well as an online one, which we refer to herein as "online activity". Students were informed about the surveys by faculty announcement during class period.
Participants were surveyed (marked with (X) on Table 3 ) on their sense of self-efficacy regarding concepts of mechanics at different times during the quarter: the beginning of the quarter, the end of the quarter, and three times during the quarter (embedded in the online activities of Homework 3, 4, and 6). These three during-the-quarter surveys included pre and post measures. While some questions varied with online activity, to track students' progress of self-efficacy from beginning to end, there were two questions, which were asked consistently throughout the quarter that we refer to herein as Case 1 in this study. These questions were: 1) "How confident are you in drawing a free-body diagram?" This question was asked in the beginning of quarter survey, Homework 3-pre survey, Homework 3-post survey, Homework 4-pre survey, Homework 4-post survey, and end of quarter survey.
2) "How confident are you in writing equilibrium equations?" This question was asked in the beginning of quarter survey, Homework 4-pre survey, Homework 4-post survey, and end of quarter survey.
In all surveys, students' sense of self-efficacy was probed and students responded on a Likert-type scale ranging from 1 (very unsure) to 6 (very sure). Both online activities of Homework 3 and 4 were framed around the ability to draw free-body diagrams, producing equilibrium equations, and performing static equilibrium analyses. Online activity of Homework 6 was designed around the concept of constructing and writing shear force and bending moment equations and diagrams. Questions of Online Homework 6 (which we refer to herein as Case 2) included: 1) "How confident are you in your ability to draw shear force and bending moment diagrams?" 2) "How confident are you in your ability to write shear force and bending moment equations?" 21 . The multiple imputation approach executed in SPSS ran simulations and searched for patterns in the available dataset by creating a probability-based judgment as to what the missing data would likely be and replaced them to create a full dataset. In this study, five imputations were used and they were performed in sequence. During each imputation simulation, the missing data were generated to create a model, and at the end of the fifth imputation simulation, the values of the five imputations were averaged to take into account the variance of the missing data. This study presents only results of the fifth imputation as well as the average values of the five imputations. Table 4 were performed for all variables and coefficient alphas 9 for the variables were between 0.817 -0.863. The coefficient alpha for each measure was computed to obtain evidence of reliability. In this paper, independent samples t-tests and analyses of variance (ANOVA) were performed to analyze students' levels of self-efficacy in learning concepts of mechanics. We focused on three factors of student demography: gender, education of parents, and major.
RESULTS
Descriptive statistics in
This paper presents preliminary analyses and results of the two cases described previously: Case 1 -the change in mechanics self-efficacy from the beginning of the quarter to the end of the quarter, and; Case 2 -the change in mechanics self-efficacy levels during the time of online activity of Homework 6.
Case 1 results (pre-and post-course) are presented in Tables 5, 6 , and 7; and Case 2 results (pre-and post-HW6) are presented in Tables 8, 9 , and 10. Comparisons are made in terms of gender, education of parents, and major. Eta-squared guidelines: small = 0.01, medium = 0.06, and large = 0.14 18 . Eta-squared guidelines: small = 0.01, medium = 0.06, and large = 0.14 18 . 3 Groups with the same letter are not significantly different. Eta-squared guidelines: small = 0.01, medium = 0.06, and large = 0.14 18 . 3 Groups with the same letter are not significantly different. Eta-squared guidelines: small = 0.01, medium = 0.06, and large = 0.14 18 . 3 Groups with the same letter are not significantly different.
Case 1: Comparisons of Student Mechanics Self-Efficacy of Overall Course Gender
Comparisons of the students' mechanics self-efficacy by gender pre-and post-course, as shown in Table 5 indicated that the men students had less self-efficacy than the women students at the beginning of the course offering. An independent samples t-test identified that there is a statistically significant difference between men (M=1.87, SD=.771) and women (M=2.54, SD= .932) students in self-efficacy levels at the beginning of the course prior to any material was taught (p<.05, Cohen's d=0.783). At the end of the course, there is no statistically significant difference between men (M=5.47, SD=.634) and women (M=5.21, SD=.779); and the gap in self-efficacy between men and women closed significantly (p<.05). The growth of self-efficacy in the course was higher for men, although both men and women showed a statically significant growth.
Education of Parents
A one-way ANOVA, as seen in Table 6 , revealed that there is a statistically significant difference (p<.05), in pre-course, between students who are non-first generation college students (M=1.86, SD=.819) and those who are first generation college students (M=2.83, SD=.753). A similar trend is true in terms of statistical significance (p<.05) between non-first generation college students (M=1.86, SD=.819) and students who have at least one parent with at least a 2-year college degree (M=2.53, SD=.800). There is no statistically significant difference between students who have at least one parent with at least a 2-year college degree and first generation college students. The effect sizes of education of parents in pre-course and post-course were reported to be .162 and .007, respectively. There are no statistically significant differences between groups postcourse. All three groups showed a statistical significant growth from beginning to end. However students who are non-first generation college students showed a larger growth in comparison.
Major
Students who had not declared a major at the beginning of the course showed the highest growth compared to the other two groups. A one-way ANOVA, as seen in Table 7 , revealed that there is a statistically significant growth in the three groups but no statistically significant difference between groups by major, pre-or post-course.
Case 2: Comparisons of Student Mechanics Self-Efficacy of Online Homework 6
Gender An independent samples t-test, as seen in Table 8 , revealed that there is a statistically significant difference (p<.05) between the men (M=3.69, SD=1.052) and women (M=3.25, SD=1.225) students in self-efficacy levels immediately before the online activity of Homework 6. At the end of Homework 6, there is also a statistically significant difference (p<.05) between the men (M=4.85, SD=.870) and women (M=4.37, SD=1.279) students; the gap in self-efficacy between men and women students did not close significantly. Both men and women showed a statistically significant growth while going through the online activity of Homework 6, with men having a slightly higher difference in growth.
Education of Parents
A one-way ANOVA, as seen in Table 9 , revealed that there is no statistically significant difference between groups by education of parents both pre-and post-online Homework 6. All three groups showed a statistically significant growth while performing online Homework 6, with those who are first generation college students experiencing the greatest growth.
Majors
A one-way ANOVA, as seen in Table 10 , revealed that there is a statistically significant difference (p<.05), in pre-online Homework 6, between ISMB student (M=3.74, SD=1.117) and non-ISMB students (M=2.85, SD=1.068). A similar trend is true in terms of statistical significance (p<.05) between ISMB students (M=3.74, SD=1.117) and students who have not declared a major (M=3.38, SD=.744). There is no statistically significant difference between non-ISMB students and those who have not declared a major. The effect sizes of major in pre-Online Homework 6 and post-Online Homework 6 were reported to be .090 and .007, respectively. There are no statistically significant differences between groups in post-Online Homework 6. The analysis showed that there is a statistically significant growth in the three groups, but students who are not in an intense solid mechanics based major showed the highest growth compared to the other two groups.
DISCUSSIONS OF RESULTS
Our research questions focused on how mechanics knowledge self-efficacy changes as a result of 1) a course and 2) an online activity based on gender, education of parents, and major. For the variable gender, our results did not match our expectations when seeing the course as a whole from beginning to end. Previous studies have explained that a precedent of self-efficacy inequity for genders in engineering classrooms exist and their studies have found that certain instructors and course format may perpetuate these inequalities 8, 17 . Student-teacher interactions consistently show that teachers spend a greater amount of time with men students, ask them more challenging questions, and reward their interruptions. In our study women students have a higher mechanics selfefficacy than that of men students at the beginning of the course (perhaps because in both cases the instructor of the course was a woman). However the women's mechanics selfefficacy relative to that of the men dropped as the course progressed. By the end of the course, although self-efficacy in both men and women students rose significantly compared to the beginning of the course, women students had a lower self-efficacy gain than the men.
The introductory solid mechanics course used in this study contained many interactive elements and working in pairs and in groups. It is possible that group and class dynamics may have impacted the self-efficacy of women students. Prior work has offered that when in an engineering classroom setting, women students can feel their comments are incorrect and that they have little input to offer their group, which can lead to feelings of alienation in extreme cases 17 . This behavior is especially true when groups are comprised of both genders as many women students prefer to work in same-gender activity groups 17 .
For the variable education of parents, our results also did not match our expectationsparticularly for students with educated parents (both parents-non first generation) having lower self-efficacy than those students whose parent(s) do not have at least a 2-year college degree (both parents-first generation). Prior studies have found that firstgeneration college students often encounter more challenges than do their peers and experience difficulties prior to and during their college experience that make them vulnerable to lower academic performance and problematic transitions as they adjust to college 12, 24 . These challenges are related to predominantly coming from an underrepresented ethnic group and speaking a language other than English in the home. Thus, we hypothesized that first generation students would have lower self-efficacy than non-first generation students. However, we found that first generation students had higher self-efficacy than their peers at the beginning of the course. As the course progressed, first generation students experienced less growth in mechanics self-efficacy than their peers. Further exploration of the relationships and interactions of first generation students' backgrounds and characteristics should be investigated 12, 24 .
For the variable major, there seems to be, in general, no difference throughout the course in self-efficacy whether a student majors is an intensive mechanics-based major or not.
Prior to Online Homework 6, there was a slight increase in self-efficacy for those majoring in an intensive mechanics-based major. However nowhere else in this study is this trend found. The introduction to solid mechanics course that framed this study is oftentimes the first engineering course the students encountered in their engineering journey. The course aims to introduce students to mechanics of analysis and its broader applications in the engineering profession. Prior to enrolling in the course, students are required to have a working knowledge of algebra, trigonometry, calculus and vector algebra, as well as introductory physics -all of which are fundamental requirements for an introductory engineering course. Thus, we hypothesized that major should not be a factor to affect self-efficacy. Our results show that this indeed is the case.
Growth of self-efficacy in mechanics knowledge increased in all the groups of the three variables (gender, education of parents, and major) analyzed in this study. Whether during a particular online activity or during the course, interestingly across the board, every group in our analysis showed a statistically significant growth as assessed by their pre and post measures. Our findings showed that men, first generation college students, and those who are not in an intensive solid-mechanics based major underwent the largest growth in mechanics self-efficacy through the experiences the course provided.
There are two limitations to this study to note: 1) while we carefully designed the selfefficacy questions to measure what they were intended to measure (coefficient alphas 9 computed to obtain evidence of reliability were quite high, 0.817 -0.863), our data were self-reported by students, and 2) our sampling consisted of engineering students from one university, which could limit the generalizability of our findings and caution should be exercised when generalizing the findings of this study to other populations.
FUTURE RESEARCH
Surveys used in this study probed students sense of self-efficacy in mechanics concepts. In on-going research, we are exploring correlations between levels of self-efficacy and levels of difficulty, as well as models of predicting students' academic success as measured through course grades.
Future research is needed to investigate self-efficacy between genders in different group settings with more effort and changes directed toward gender-equal group dynamics. In addition to different group settings, two factors that could also be investigated within a group are: 1) unconscious gender microaggressions 24, 27, 28 , and 2) subtle messages given to women students 29 . By paying close attention to gender-equal group dynamics, methods to close the gender gap in self-efficacy in an engineering setting may be developed.
To understand what promotes mechanics self-efficacy in first generation students characteristics such as native language, country of birth and number of parents in the household should be evaluated longitudinally.
RECOMMENDATIONS TO FACULTY AND FUTURE RESEARCHERS
Our findings show that a course rich in collaborative, hands-on active-learning has a positive impact on student self-efficacy of mechanics-concepts. It also appears that online activities placed strategically in such a course may contribute to growth in selfefficacy. These practices may go hand-in-hand with studies that promote student retention in engineering programs. Using online activities is a tool with great possibilities for improved student learning and self-efficacy; and like all tools, its benefits and flaws will not be clear until more studies have been performed across different contexts and student populations. However, this tool may provide the kind of intervention that introductory, fundamental engineering courses need for significant returns toward students' learning.
The following recommendations are based on the conclusions of this study: 1.
Engineering faculty should be encouraged to use scaffolding strategies (such as online activities) in their classroom instruction.
2.
An examination of self-efficacy at different academic levels is needed to investigate variations in different populations.
3.
Further study is needed to determine the effects of online activities in other engineering courses.
